Background: The combination of chemotherapy and L-asparaginase (L-ASP) treatment significantly increased survival rate in an adult patient with extranodal natural killer (NK)/T-cell lymphoma (NKTCL). However, hypersensitivity reactions of L-ASP in some patients limited its application. Polyethylene glycol-conjugated asparaginase (PEG-ASP) has a lower immunogenicity and longer circulating half-life than unconjugated L-ASP, and has been reported to be effective and well-tolerated in children with acute lymphoblastic leukemia. Cyclophosphamide, hydroxydaunorubicin (doxorubicin), oncovin (vincristine), and prednisolone (CHOP) is the most common chemotherapy for non-Hodgkin lymphoma. In this report, we sought to study the efficacy and safety of PEG-L-CHOP in NKTCL in adult Chinese patients. Methods: Our study is a prospective, multi-center, open-label clinical trial. Patients with newly diagnosed adult NKTCL and an ECOG performance status of 0 to 2 were eligible for enrollment. Treatment included six cycles of PEG-L-CHOP regimen. Radiotherapy was scheduled after 2-4 cycles of PEG-L-CHOP regimen, depending on the stage and primary anatomic site.
Background
Natural killer (NK)/T-cell lymphoma (NKTCL) is a highly aggressive cancer with a poor prognosis. NKTCL is relatively rare disease in the United States and Europe, and is more common in Asia, Central America and South America [1] [2] [3] [4] . There are no standard therapeutic regimens for this disease [1] [2] [3] [4] . Cyclophosphamide (CY) has been used successfully as a cytotoxic agent in the clinical treatment of several cancers. CY can directly activate NK cells or stimulate their production of soluble mediators in addition to its known direct cytotoxic effect on neoplastic and suppressor T-cells [1] [2] [3] [4] . Patients with NKTCL have a limited response and high relapse to traditional chemotherapy and radiotherapy [4, 5] . CY, hydroxydaunorubicin (doxorubicin), oncovin (vincristine), and prednisolone (CHOP) is the most common chemotherapy for non-Hodgkin lymphoma. However, CHOP therapy has demonstrated insufficient effects on NKTCL [6, 7] . Previous studies found that chemotherapy regimens utilizing L-asparaginase (L-ASP) for NKTCL have obtained 55.6% complete response (CR), and 66.9% 5-year survival rates [8] [9] [10] [11] . Based on the efficacy of L-asparaginase (L-ASP) as an anti-NKTCL regimen that prolonged patient survival [2] , it was recommended as the first-line therapy for NK/T cell lymphoma by the National Comprehensive Cancer Network (NCCN) in 2010. L-ASP is an enzyme that hydrolyzes asparagine to aspartate and ammonia [12] . L-ASP specifically breaks down extracellular asparagine at sites of tumor which leads to protein synthesis inhibition and tumor cell apoptosis, without affecting normal cells [13, 14] . However, L-ASP is derived from Escherichia coli and may be recognized as a foreign protein by the human immune system, as evidenced by the fact that the incidence of allergic reactions to L-ASP treatment is approximately 30%. Some severe allergic reactions can be life-threatening and potentially promote the development of drug resistance [15, 16] . Additionally, L-ASP has a short half-life of about 20 h, requiring frequent daily or every other day dosing for seven consecutive days to maintain adequate serum concentrations of the drug [15] . To overcome the issues of allergenicity and frequent dosing, native Escherichia coli derived L-ASP was conjugated to polyethylene glycol to formulate polyethylene glycol conjugated asparaginase (PEG-ASP). PEG-ASP has lower immunogenicity and higher circulating half-life compared to L-ASP [15, [17] [18] [19] . PEG-ASP was approved for treatment of acute lymphoblastic leukemia (ALL) patients allergic to L-ASP by US Food and Drug Administration (FDA) in 1994, and it has been used as the first-line treatment for adult and pediatric ALL since 2006 [17] . In China, PEG-ASP was approved as the first-line treatment for pediatric ALL in 2009. There have been several reports about PEG-ASP used in combination with different chemotherapeutic regiments for the treatment of NKTCL. These studies relied on relative small patient cohorts and reported variable treatment outcomes. The overall response rate (ORR)was about 60-100% and the complete response (CR) rate was 25-83.3% in these studies [20] [21] [22] [23] [24] . However, the safety and efficacy of PEG-ASP-based regimens in the treatment of NK/T cell lymphoma in the Chinese population is still not well assessed. In this report, we performed a prospective, open-label, non-randomized clinical trial to evaluate the safety and efficacy of PEG-ASP in combination with standard CHOP and radiation therapy for the treatment of NK/ T cell lymphoma in adult Chinese patients.
Methods

Study design
This study is an open-label, prospective clinical trial. The PEG-L-CHOP regimen was introduced to selected patients every 21 days for six cycles. Adverse reactions were assessed each cycle and efficacy was assessed every two cycles. Localized radiotherapy for lymphoma was performed after 2-4 cycles of chemotherapy primary based on lymphoma stage and location. The Peking University Institutional Ethics Review Board (IRB) approved this study and the protocol.
Patients
Patients newly diagnosed with adult extranodal NKTCL based on histomorphology and immunohistochemistry defined by WHO criteria were eligible for the clinical trial. Inclusion criteria included at least one measurable lesion, age 18~70 years, male or female, The Eastern Cooperative Oncology Group (ECOG) performance 0~1, expected survival of more than three months. For females of childbearing age, only patients with a negative pregnancy test and who agreed to using effective contraceptive measures during treatment and up to one year post clinical trial were enrolled. The exclusion criteria were as follows: any invasive of lymphoma to central nervous system; pre-existing coagulation disorder concurrent neoplasms, advanced liver and kidney disease, uncontrolled cardiovascular disease within 6 months of the trial, positive HIV antibody, HBV DNA titer higher than 10 4 copies /ml in HBsAg-positive patients post antiviral therapy; pregnant or lactating women; women of childbearing age unwilling to take contraceptive measures during the study period. The written consent including the nature of the disease, its treatment options, and its possible outcomes was informed to the patients registered for the study. There were 33 patients with newly diagnosed adult extranodal NKTCL enrolled from 6 study sites in China during the clinical trial period from 2012 to 2013. Among these enrolled patients, 19 were from Beijing Cancer Hospital, seven from the Fourth Hospital of Hebei Medical University, two from Peking University Third Hospital, two from the 307 Hospital of PLA, two from the Tumor Hospital of Shanxi Province, and one from the Peking University First Hospital. There were 19 males and 14 females with a median age of 39 years (range 19-64 years). Due to the rarity of this disease, it was difficult to adequately randomize patients for this trial. However, this study represents the largest patient cohort enrolled in a trial in Asia.
PEG-L-CHOP regimen
The PEG-L-CHOP treatment procedure included cyclophosphamide 750 mg/m 2 intravenously on day 1, vincristine 1.4 mg/m 2 intravenously on day 1 (the single maximum dose 2 mg), adriamycin 50 mg/m 2 intravenously on day 1, prednisone 100 mg on days 1-5, and PEG-ASP (3750 units/vial, Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, China) 2500 IU/m 2 intramuscular injection on day 2 (the single maximum dose 3750 units).
Patient treatment assessments
The primary endpoint was the overall responsive rate (ORR) and CR. The secondary endpoint was the adverse reaction. We evaluated the available patient information including history, physical examination, complete hematological and biochemical tests, CT scans of neck, chest, abdomen and pelvic, or 18 fluorodeoxyglucose positron emission tomography, bone marrow aspirate and biopsy. The clinical staging was performed according to the Ann Arbor classification system. Efficacy evaluation was conducted after two cycles of PEG-L-CHOP according to the 2007 revised guidelines for response criteria for malignant lymphoma [25] . The lesion responses were classified as complete remission (CR), unconfirmed complete remission (Cru), partial remission (PR), and progressive disease (PD). Adverse events were graded according to the US National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE), version 4.0. During the study, various adverse events (AE) and serious adverse events (SAE) were recorded. The relationship about between AE and the tested drug was assessed and designed as certain, probably, doubtful, unrelated and not assessable.
Sample methods and statistical analysis Sample size
This study enrolled 33 eligible patients. The CR rate for standard CHOP regimen plus radiation therapy for previously untreated ENKTL patients has been reported to be 27% following [8] . The CR rate increases to 81.6% with CHOP-L (cyclophosphamide, vincristine, doxorubicin, dexamethasone and Escherichia coli L-asparaginase) [26] . Therefore, a target CR rate of 81.6% with PEG-L-CHOP regimen was used to calculate the sample size. With a statistical power of 90% and a one-sided, type I error of 1%, the number of eligible patients required for this study was calculated to be 16. With an estimated dropout rate at 10%, the total sample size needed was calculated to be18 patients per treatment.
Statistical analysis
Data was analyzed using SAS 9.2 software. The correlation between clinical, pathological factors and CR was evaluated using Two-tailed chi-squared test (χ 2 ) or Fisher's exact test. Multi-factor logistic regression was performed to adjust for possible confounding factors and to calculate odds ratios. The 1, 2, or 3-year survival rates were analyzed using the Kaplan-Meier method for log-rank comparison of survival between groups. Prognostic factors affecting the survival rate were also assessed using the log-rank test. p < 0.05 was considered statistically significant. Variables with p < 0.05 in the univariate logistic model were included in the multiple logistic regression model. The p values in Table 2 were derived from the two-tailed chi-squared (χ2) or Fisher's exact comparisons, and the univariate logistic regression. The four variables (Arbor Stage, LDH level, IPI score, and number of extranodal involvement sites) were included in the final model calculation. However, the small sample sizes in several categories in Table 2 lowered the model reliability below the validity level, therefore, the multivariate analysis data are not shown. Univariate analysis showed that ECOG and IPI affected the prognosis (p < 0.05), while the other clinical factors did not affect the prognosis. These two factors are all included in the multiple factor survival analysis, and there are not effective independent factors found.
Results
Clinical characteristics of patients with Extranodal NK/T cell lymphoma
In this non-randomized clinic trial, we enrolled eligible patients at 6 participating institutions in China between January 2012 and July 2013. The 33 patients with newly diagnosed adult extranodal NK/T lymphoma included 30 (90.9%) upper aero-digestive tract NK/T-cell lymphoma (UNKTCL), and 3 (9.1%) extra-upper aero-digestive tract NK/T-cell lymphoma (EUNKTCL). Twenty-one patients (63.6%) were Ann Arbor stage I~II, and 12 patients (36.4%) patients were stage III~IV. International Prognostic Index score (IPI) was 1 or lower in 22 patients (66.7%) and 2 or higher in 11 patients (33.3%). B symptoms were observed in 12 patients (36.4%). In this group of patients, the most common clinical symptoms were nasal obstruction and rhinorrhea (87.9%), and some of the patients had bloody nasal discharge. The detail clinical characteristics of the group are listed in Table 1 .
PEG-L-CHOP therapy outcomes
All 33 patients received the PEG-L-CHOP chemotherapy in a total of 170 cycles of treatment. The mean treatment cycle in this study was 5.2 (range 1-6 cycle). Sixteen patients received localized tumor radiotherapy with a radiation dose of 50 Gy. We performed the CR assessment at the completion of chemoradiotherapy. The overall responsive rate (ORR) was 96.9% (32/33). Twenty-five patients (75.8%) achieved complete remission (CR), 7 patients (21.2%) achieved partial remission (PR), and 1 patient (3%) had progressive disease (PD). We further identified that CR rate was significantly higher (90.5%, p = 0.015) in patients with stage I-II disease (19 /21 patient) compared with patients with stage III-IV disease who had a CR rate of 50.0% (6/12). In addition, in our multivariable regression model, we found that patients with increased lactate dehydrogenase, IPI score of 2 or higher, and greater extranodal distribution sites to be significantly associated with a lower CR (p < 0.05) ( Table 2) . Clinical factors including age, gender, primary site, B symptoms, ECOG, and β2-microglobulin, however, did not affect the PEG-L-CHOP chemotherapy outcomes ( Table 2 ).
Post treatment follow up
We were able to collect follow-up data on all 33 patients enrolled in our trial. Four patients died of tumor relapse and progression posttreatment. The first patient, who had primary intestinal NKTCL, reached achieved CR at the end of therapy, but died of tumor relapse 5 months after the end of the clinical trial. The second patient with stage IV lymphoma and extensive systemic invasion suffered disease progression after six cycles treatments. This patient died due to invalid rescue treatment. The other two patients had stage II lymphoma at diagnosis and did not reach CR after treatment. The median overall survival time has not been obtained. The overall survival rate at 1, 2, and the 3 years was 100, 90.61, and 80.54%, respectively for the entire treatment cohort. Statistical analysis showed that only ECOG and IPI affected the prognosis (p < 0.05) (Figs. 1, 2 and 3 ).
Safety and tolerability of PEG-L-CHOP therapy
We observed adverse side reactions in all patients enrolled in the study (Table 3 ). There were no PEG-L-CHOP therapy-related deaths or allergic reactions during treatment. Most adverse reactions were grade I-II. Most patients experienced bone marrow suppression (78.8%). Twenty-one patients experienced grade III~IV neutropenia (63.6%). Nine patients (27.2%) had thrombocytopenia (among them, 2 (6%) were grade III~IV). Twenty patients (60.6%) had liver dysfunction. One patient with grade III~IV liver dysfunction normalized their liver function tests after treatment. We also observed grade I-II fibrinogen reduction in 15 patients (45.5%) without any associated clinical occurrence of mucocutaneous or visceral hemorrhage. There were four cases of infections including with a case each of herpes simplex, pneumonia, gingivitis, and diarrhea induced septic shock. The first three cases of infection completed the full treatment, while the patient with septic shock withdrew from the trial and recovered following cessation of therapy. Other common adverse reactions included nausea, vomiting, and anemia (Table 3) . 
Discussion
The clinical application of PEG-ASP to treat adult and pediatric acute lymphoblastic leukemia (ALL) patients began half a century ago. However, optimal treatment outcomes between adult and pediatric cancers are not well characterized. Two major limitations of L-ASP are the development of hypersensitivity (15 to 73%) and the need for frequent intravenous dosing [27] . PEG-ASP decreases the immunogenicity and the risk of [27] . The comparative study between native L-asparaginase (L-ASP) and PEG-ASP treatments in children ALL patients suggested that PEG-ASP treatment had a more rapid clearance of tumor cells and more durable asparaginase activity compared with L-asparaginase (L-ASP) [27] . However, the half-life of L-ASP is only 26 h [27] . The serum asparaginase level (≥ 0.1 IU/mL) that existed in 95% patients at day 11 of therapy was quickly reduced to 88% by day 18, and to 7% by day 25 after a single dose of intravenous PEG-ASP (2500 IU/m 2 ) [27] . When comparing L-ASP and PEG-ASP, both drugs have similar patient survival rates, adverse events, and infection occurrence rates [27] , therefore, PEG-ASP has become the first line treatment for ALL [14] . PEG-ASP effectively depleted the asparagine in the blood of adult ALL patients with an associated increase in the CR rate to 77% [14] .
L-ASP has been an important drug for the treatment of adult NKTCL. Standard therapy with CHOP plus radiation for untreated ENKTL only achieved CR rates in previously reported studies [8] . It has been reported that adults patients with NKTCL treated with an L-ASP-containing regimen of dexamethasone, methotrexate, ifosfamide, L-ASP, and etoposide (SMILE) achieved an 81% overall response rate (ORR) (CR =66%, PR =15%) and 50% 5-year total survival rate [28] . However, this treatment caused strong negative side effects and was associated with mortality in 6.9% of patients (6/ 87, 5 sepsis-related deaths and 1 acute renal failure associated death) [28] . Several other studies have used PEG-ASP in combination with P-GEMOX(PEG-ASP, Gemcitabine,and Oxaliplatin)regimen to treat advanced stages or relapsed/ refractory NKTCL. In these studies, the ORR ranged between 73.7-80.0%, and the 3-year overall survival rate (OS) was 64.7% [29] . The ORR further increased to about 92.1-96.3%, and 2-year OS was 86.0% with the combination of gemcitabine, oxaliplatin, and L-asparaginase (GELOX) followed by radiation therapy for patients with stage IE/IIE ENKTL [30, 31] . Several studies have demonstrated that cyclophosphamide increases NK cell activity and plays a role in anti-tumor in vitro and in vivo [3, 32] . There is no standard chemotherapy regimen for patients with ENTCL. We have begun to adopt L-ASP and cyclophosphamid containing regimens(CHOP)to treat 45 patients with relapsed or refractory NK/T cell lymphoma from 1996 to 2008. We obtained 82.2% ORR (CR = 55.6%) and 66.7% 5-year total survival rate [8] . Our findings suggested that L-ASP combination CHOP (L-CHOP) was an effective treatment for the patients with refractory and relapsed extranodal NKTCL [8] . We have further applied L-ASP in combination with CHOP to treat 38 newly-diagnosed NKTCL from 2008 to 2012 [26] . We therefore carried out the prospective study to evaluate the efficacy and safety of PEG-ASP in combination with CHOP and radiation in the treatment of newly-diagnosed NKTCL in Chinese patients. In this study, we used PEG-ASP treatment at a dose of 2500 IU/m 2 intramuscular injection on day 2 (the single maximum dose 3750 units) based on the drug specific prescription guideline, our previous findings [23] , and other reports [14, 20, 24, 27] . The mean BSA was 1.69 (range 1.3-2) . In the present study, PEG-asparaginase activity levels were not monitored at the time of study due to the lack of instrumentation.
In a recent trial, Youssef et al. enrolled 23 patients with adult untreated ENKTCL which included young patients (median age of 38 years old) patients with upper aero-digestive tract disease, with symptoms of nasal obstruction, rhinorrhea, and nasal discharge with blood. They concluded that nasal type NK/T-cell lymphoma with poor response to the conventional anthracycline-based chemotherapy needed a novel therapy to improve survival [33] . Our findings had the similar conclusions to these reports [33, 34] . In our current study, patients NKTCL distributions were very different to the above reports. For example, the diagnosed patients with NKTCL were outside the nasal cavity, mainly involving the skin and gastrointestinal tract, following the patients with lesions in bone marrow, liver, and spleen. About 1/3 patients were at stage IIĨ VI, with B symptoms, and IPI score was a moderate-high risk or high risk. We treated patients with PEG-L-CHOP and achieved 96.9% ORR (75.8% CR and 21.2% PR). This treatment efficacy was similar to our previous report when we used L-ASP combined with CHOP regimen for treatment of NK/T cell lymphoma [26] and was much higher efficacy than other reports that combined chemotherapy regimen based on doxorubicin [6, 35, 36] . Moreover, our overall group survival rates were higher which were 100, 90.61, and 80.54%, at 1, 2, and 3 years respectively. There were four patients who died of disease progression from tumor relapse in our follow-up study. In the future treatments, we speculate that the application of several new drugs which target immune checkpoints such as PD-1, PDL-1 and CTLA4 may enhance the host anti-tumor immune response as reported [37] . In this clinical trial, we observed lower survival rates in patients with high IPI and high ECOG. We speculate that patients with high ECOG do not tolerate PEG-L-CHOP well, and patients with high IPI require more aggressive regimens (e.g. SMILE), or new drugs. Epstein-Barr virus (EBV) was the first identified human oncogenic DNA virus in the gamma-herpesvirus family. Several reports suggested the association between Epstein Bar Viruses (EBV) and NK/T cell lymphoma [38] [39] [40] [41] . It has been suggested that the EBV-DNA level in plasma was a good indicator for response and overall survival in nasal type NK/T-cell lymphoma. Three-year overall survival rate for plasma EBV-DNA positive and negative patient was 42.9 and 94.4%, respectively [41] . However, we did not measure EBV-DNA level at the time of this study, but we have more recently added routine serum and tumor EBV-DNA detection in preand post-treatment patients. Future studies evaluating effects of PEG-L-CHOP in EBV associated ENKTCL is warranted.
In our study, there were no treatment-related deaths. We found that the adverse reactions mostly graded I~II in the 33 patients with adult NKTCL treated with PEG-L-CHOP. The most common adverse reactions were bone marrow suppression, followed by elevated transaminases and bilirubin. These adverse events were similar to those observed in the L-ASP combined with CHOP regimen in our previous report [26] . Previous studies found that PEG did not increase the rate of myelosuppression/ gastrointestinal toxicities [21] . However, PEG-asparaginase (PEG-ASP)treatment caused hepatotoxicity in ALL patients [42] . CHOP treatment was independently associated with myelosuppression and gastrointestinal toxicities, and PEG-ASP treatment caused additional hepatotoxicity, hypofibrinogenemia, hyperglycemia, hypertriglyceridemia, pancreatitis, thrombosis, and hemorrhage [13, 18, 26, 27, 31] . In this study, there were 3 (grade I) hyperglycemia episodes in our 33-patient cohort. However, there were no symptoms of hyperlipidemia or pancreatitis. We speculated that these observations related to the low-fat diets during the patient treatments. We found the increasing level of liver function ALT/AST (grade 1-2, tolerable) in 66.7% patients, and increasing bilirubin levels (grade I) in 33.3% (11 out of 33) of treated patients. These symptoms were relieved 1-2 weeks post treatment cessation. Patients who experienced abnormalities in their liver function tests (LFTs) were older and had a high body surface area (BSA), but they were able to complete therapy despite these low grade abnormalities in their LFTs. Based on our clinical and research experience and observations, we found that there was no increased rate of myelosuppression/ gastrointestinal toxicity in PEG-ASP and CHOP combination therapy compared with standard CHOP for NKTCL treatment.
The incidence of allergic reactions to L-ASP treatment regimen has been reported to be approximately 15 to 73% [15, 16] . Hypersensitivity is derived from the L-ASP antibody reactions that reduce plasma asparaginase activity, leading to the development of drug resistance [27] . The patient serum antibody titer to PEG-ASP was only about 2%, much lower than 26% titer to L-ASP in the first intensification phase [27] . High-titer antibodies were associated with low asparaginase activity in the native L-ASP structure [27] . Hypersensitivity often develops without clinical manifestation, or so called "silent" hypersensitivity. "Silent" hypersensitivity has been reported in NKTCL treated patients that received bacterial derived PEG-ASP [43] . Therefore, any non-clinical manifestations of allergic reactions to PEG-ASP must be considered. For example, there was an approximately 4.4% allergic reaction rate for PEG-ASP regimen treatment in a Chinese clinical study of 135 children with ALL [44] . We have not observed clinical allergic reactions among our 33 patients for all 170 treatments of PEG-ASP. Each patient has received a dose of dexamethasone (10 mg IV) before PEG-ASP. We speculate that this procedure reduces the clinical hypersensitivity. In addition, the administration of PEG-asparaginase by intravenous (IV) or intramuscular (IM) IV may affect clinical allergic reactions. For example, it has been reported that administering PEG-ASP through IM had significantly lower risk of hypersensitivity compared to IV [44] . In future studies, we will monitor drug concentrations and antibody development to further optimize the treatment. Further studies to matched comparison between historic control receiving CHOP and a propensity score may provide the appropriately validation to conclude that PEG-CHOP improves outcomes compared to CHOP alone.
Conclusion
In summary, based on the current clinical trial, we demonstrate that PEG-ASP combined with CHOP (PEG-L--CHOP) was both safe and effective in the treatment of adult patients with untreated ENKTCL. The major advantages of the PEG-L-CHOP regimen compared to the L-CHOP regimen include fewer allergic reactions, convenient dosing schedule (single dose of PEG-ASP versus seven consecutive doses of L-ASP administered daily), and shortened hospitalization stays. Further studies with a larger patient cohort, patient randomization and double-blinded study design may provide more meaningful conclusions to assess the benefits of PEG-ASP-based regimens in the treatment of NKTCL. 
